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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for efficiently producing a 
substrate for a thin film magnetic head having high reliability because of 
satisfactory adhesion strength of an alumina-titanium carbide substrate and an 
aluminum oxide layer. 

SOLUTION: The substrate 100 for a thin film magnetic head has an alumina- 
titanium carbide substrate 10 and an aluminum oxide layer 20 formed on the 
surface of the alumina-titanium carbide substrate 10. The alumina-titanium 
carbide substrate 10 has a surface-modified layer 12 containing aluminum 
titanate on the aluminum oxide layer side. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the substrate for the thin film magnetic heads with which it is the 
substrate for the thin film magnetic heads which has an alumina titanium carbide 



substrate and the aluminum oxide layer formed on the front face of said alumina 
titanium carbide substrate, said alumina titanium carbide substrate has a surface 
treatment layer in said aluminum oxide layer side, and said surface treatment 
layer contains aluminum titanate. 

[Claim 2] The part which constitutes said a part of surface treatment layer among 

the alumina particles contained in said alumina titanium carbide substrate is a 

substrate for the thin film magnetic heads containing alpha-aluminum 203, 

aluminum2Ti05, and aluminum2Ti 7015 according to claim 1. 

[Claim 3] the part which constitutes said a part of surface treatment layer among 

the titanium carbide particles contained in said alumina titanium carbide 

substrate a cubic the thin film magnetic-head substrate containing TiC, 

aluminum2Ti05, and aluminum2Ti 7015 according to claim 1 or 2. 

[Claim 4] Center line average-of-roughness-height Ra of the front face of said 

surface treatment layer is a substrate for the thin film magnetic heads given in 

any of claims 1-3 which are less than 10nm they are. 

[Claim 5] The thickness of said surface treatment layer is a substrate for the thin 
film magnetic heads given in any of claims 1-4 which are within the limits of 5nm 
or more 500nm or less they are. 

[Claim 6] The thin film magnetic head equipped with the substrate for the thin film 
magnetic heads given in any of claims 1-5 they are, and the magnetic cell formed 
on said substrate for the thin film magnetic heads. 

[Claim 7] The process which is the manufacture approach of the substrate for the 
thin film magnetic heads of having an alumina titanium carbide substrate and the 
aluminum oxide layer formed on the front face of said alumina titanium carbide 
substrate, and prepares an alumina titanium carbide substrate, In the ambient 
atmosphere which contains inert gas at least, by the reverse sputtering method 
The manufacture approach of the substrate for the thin film magnetic heads 
which includes the process which reforms the front face of said alumina titanium 
carbide substrate in the layer containing aluminum titanate, and the process 
which deposits an aluminum-oxide layer on the layer which contains said 



aluminum titanate after said surface treatment process. 
[Claim 8] Said surface treatment process is the manufacture approach of the 
substrate for the thin film magnetic heads according to claim 7 which is the 
process which reforms the front face of said alumina titanium carbide substrate in 
the layer containing aluminum titanate while etching the front face of said 
alumina titanium carbide substrate. 

[Claim 9] The thickness of the layer containing the aluminum titanate formed in 
said surface treatment process is the manufacture approach of the substrate for 
the thin film magnetic heads which is within the limits of 5nm or more 500nm or 
less. 

[Claim 10] The thickness into which the front face of said alumina titanium 
carbide substrate is etched in said surface treatment process is the manufacture 
approach of the substrate for the thin film magnetic heads according to claim 8 or 
9 which is less than 10nm. 

[Claim 11] The ambient atmosphere to which said surface treatment process is 
carried out is the manufacture approach of the substrate for the thin film 
magnetic heads given in any of claims 7-10 whose molar fractions of oxygen gas 
it is the ambient atmosphere of 2mTorr(s) containing argon gas and oxygen gas - 
20mTorr, and are 40% or less. 

[Claim 12] The manufacture approach of the substrate for the thin film magnetic 
heads given in any of claims 7-1 1 which include further the process which grinds 
said alumina titanium carbide substrate before said surface treatment process so 
that surface center line average-of-roughness-height Ra may be set to 10nm or 
less they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the 
substrate for the thin film magnetic head and the thin film magnetic heads, and 
the substrate for the thin film magnetic heads. 
[0002] 

[Description of the Prior Art] In recent years, the thin film magnetic head is used 
for various magnetic recording media, such as hard disk drive (HDD) equipments, 
such as a computer, and floppy (trademark) disk drive (FDD) equipment. The thin 
film magnetic head is equipped with the magnetic cell (for example, magneto- 
resistive effect component: MR component) and the recording head section which 
were formed on the substrate for the thin film magnetic heads, the magnetic- 
shielding film deposited on the substrate for the thin film magnetic heads, and its 
magnetic-shielding film. The magnetic-shielding film is formed from soft magnetic 
materials, such as Co radical amorphous of a Fe-nickel system permalloy, a Co- 
Nb-Zr system, or a Co-Fe-B-Si system, and a FeAISi alloy (Sendust (sendust)). 
What deposited the insulating layer which consists of an aluminum oxide as a 
substrate for the thin film magnetic heads on the ceramic substrate which 
consists of an alumina titanium carbide (Al Chick) is used widely. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the adhesion of an alumina 
titanium-carbide substrate and the aluminum-oxide layer formed on it was bad, 
and there were problems, like exfoliation arises in the interface of an alumina 



titanium-carbide substrate and an aluminum-oxide layer at the time of the 
manufacture process of the thin film magnetic head, a mounting process, or use. 
Although the approach (for example, JP,2-59604,A) of preparing the middle class 
between an alumina titanium-carbide substrate and an aluminum-oxide layer, 
and the approach (for example, JP,2-154308,A) of roughening the front face of 
an alumina titanium carbide substrate are proposed in order to solve this problem, 
the efficient manufacture approach of manufacturing the substrate for the thin 
film magnetic heads stuck by reinforcement with alumina titanium-carbide 
substrate and aluminum-oxide layer high enough and such a substrate has come 
to be acquired. 

[0004] This invention is made in view of these many points, and the main 
purpose has the adhesion reinforcement of an alumina titanium-carbide substrate 
and an aluminum-oxide layer in offering the approach of manufacturing efficiently 
a reliable, sufficiently high thin film magnetic-head substrate and such a 
substrate for the thin film magnetic heads. 
[0005] 

[Means for Solving the Problem] The substrate for the thin film magnetic heads of 
this invention is a substrate for the thin film magnetic heads which has the 
aluminum oxide layer formed on the front face of an alumina titanium carbide 
substrate and said alumina titanium carbide substrate, said alumina titanium 
carbide substrate has a surface treatment layer in said aluminum oxide layer side, 
and, as for said surface treatment layer, the above-mentioned purpose is 
attained by that including aluminum titanate. 

[0006] As for the part which constitutes said a part of surface treatment layer 
among the alumina particles contained in said alumina titanium carbide substrate, 
it is desirable that alpha-aluminum 203, aluminum2Ti05, and aluminum2Ti 7015 
are included. 

[0007] the part which constitutes said a part of surface treatment layer among the 
titanium carbide particles contained in said alumina titanium carbide substrate - 
a cubic - it is desirable that TiC, aluminum2Ti05, and aluminum2Ti 7015 are 



included. 

[0008] As for center line average-of-roughness-height Ra of the front face of said 
surface treatment layer, it is desirable that it is less than 10nm. 
[0009] As for the thickness of said surface treatment layer, it is desirable that it is 
within the limits of 5nm or more 500nm or less. 

[0010] The thin film magnetic head of this invention is equipped with the above- 
mentioned substrate for the thin film magnetic heads, and the magnetic cell 
formed on said substrate for the thin film magnetic heads, and the above- 
mentioned purpose is attained by that. 

[0011] The manufacture approach of the thin film magnetic head of this invention 
An alumina titanium carbide substrate, The process which is the manufacture 
approach of the substrate for the thin film magnetic heads of having the 
aluminum oxide layer formed on the front face of said alumina titanium carbide 
substrate, and prepares an alumina titanium carbide substrate, In the ambient 
atmosphere which contains inert gas at least, by the reverse sputtering method 
The process which reforms the front face of said alumina titanium carbide 
substrate in the layer containing aluminum titanate, and the process which 
deposits an aluminum-oxide layer on the layer which contains said aluminum 
titanate after said surface treatment process are included, and the above- 
mentioned purpose is attained by that. 

[0012] It is desirable that it is the process which reforms the front face of said 
alumina titanium carbide substrate in the layer containing aluminum titanate while 
said surface treatment process etches the front face of said alumina titanium 
carbide substrate. 

[0013] As for the thickness of the layer containing the aluminum titanate formed 
in said surface treatment process, it is desirable that it is within the limits of 5nm 
or more 500nm or less. 

[0014] As for the thickness into which the front face of said alumina titanium 
carbide substrate is etched in said surface treatment process, it is desirable that 
it is less than 10nm. 



[0015] As for the ambient atmosphere to which said surface treatment process is 
carried out, it is desirable that it is the ambient atmosphere of 2mTorr(s) 
containing argon gas and oxygen gas - 20mTorr (0.27Pa - 2.7Pa), and the molar 
fraction of oxygen gas is 40% or less. 

[0016] It is desirable to include further the process which grinds said alumina 
titanium carbide substrate so that surface center line average-of-roughness- 
height Ra may be set to 10nm or less. 
[0017] 

[Embodiment of the Invention] The invention-in-this-application person was the 
purpose which improves the adhesion force of an alumina titanium carbide 
substrate (the Al Chick substrate is called below.) and an aluminum oxide layer, 
and as a result of examining the structure of the interface of the Al Chick 
substrate and an aluminum oxide layer in a detail, he found out that the adhesion 
force could be improved by forming the surface treatment layer containing 
aluminum titanate in the front face of the Al Chick substrate, and depositing an 
aluminum oxide layer on this surface treatment layer. 

[0018] Hereafter, the operation gestalt of the substrate for the thin film magnetic 
heads by this invention and its manufacture approach is explained, referring to a 
drawing. 

[0019] Drawing 1 shows typically the cross-section structure of the substrate 100 
for the thin film magnetic heads concerning this operation gestalt. With this 
operation gestalt, the Al Chick substrate (for example, Sumitomo Special Metals 
make: trade name AC- 7) 10 with about 2mm [ in thickness ] and a diameter of 
about 100mm which consists of an alumina titanium carbide containing about 
64% of the weight of an alumina is used as a ceramic substrate. This substrate 
100 for the thin film magnetic heads is equipped with the aluminum-oxide film 20 
with a thickness of about 5 micrometers deposited on the Al Chick substrate 10 
and the Al Chick substrate 10. The Al Chick substrate 10 has the surface 
treatment layer 12 to which reforming of the front face was carried out. The 
surface treatment layer 12 of the Al Chick substrate 10 is considered to have the 



operation which raises the adhesion force with the aluminum-oxide layer 20 so 
that it may explain in full detail behind. 

[0020] The substrate 100 for the thin film magnetic heads is the following, is 
made, and may be manufactured. 

[0021] First, center line average-of-roughness-height Ra (surface roughness) of 
the front face of the Al Chick substrate 33 grinds less than about 10nm using 
diamond paste (1 -micron abrasive grain) so that it may be preferably set to less 
than about 5nm. Since still more preferably sets less than about 10nm of center 
line average-of-roughness-height Ra of the front face (front face of a surface 
treatment layer) of the substrate 33 after reforming the front face of a substrate 
33 to about 5nm or less so that it may mention later, center line average-of- 
roughness-height Ra (surface roughness) of the front face of the Al Chick 
substrate 33 has desirable less than about 10nm, and less than about 5nm is still 
more desirable. 

[0022] Next, the surface treatment layer 12 which reformed the front face of this 
substrate 33 and was shown in drawing 1 is formed. 
[0023] Surface treatment of a substrate 33 can be performed by the reverse 
spatter using a sputtering system 200. 

[0024] The sputtering system 200 equips the chamber 30, the delivery pipe 42 for 
supplying and exhausting gas in a chamber 30 and an exhaust pipe 44, and the 
sample and target in a chamber 30 with the power sources 52 and 54 for 
supplying power, respectively, and the matching boxes 56 and 58 for taking 
impedance matching. 

[0025] In the chamber 30, the substrate holder (electrode) 32 for holding the Al 
Chick substrate 33 and impressing a predetermined electrical potential difference 
to a substrate 33 and the back up plate (electrode) 35 for fixing a target 34 and a 
target 34 and impressing a predetermined electrical potential difference to a 
target 34 are formed so that it may counter mutually. The shutter 36 which can 
be opened and closed freely is formed between the Al Chick substrate 33 and 
the target 34. Power is supplied to the back up plate 35 through a matching box 



56 from a power source 52, and power is supplied to the substrate holder 32 
through a matching box 58 from a power source 54. the water cooling type 
cooling system (un-illustrating) for cooling the Al Chick substrate 32 in the 
substrate holder 32 - installation ******. Moreover, in order to prevent the dirt in a 
chamber, an adhesion-proof board 37 may be formed. 
[0026] A liquid metal is used and the Al Chick substrate 33 by which surface 
polish was carried out is stuck to the substrate holder 32. By carrying out water 
cooling of the substrate holder 32, it cools so that the skin temperature of a 
substrate 33 may not exceed about 70 degrees C. RF power is supplied to the 
substrate holder 32 by making the inside of a chamber 30 into Ar gas ambient 
atmosphere. 

[0027] A reverse sputtering process is performed in inert gas ambient 
atmospheres, such as argon gas. As for the pressure of a controlled atmosphere, 
it is desirable that it is within the limits of about 2 mTorr(s) - about 20 mTorr(s) 
(about 0.27Pa - about 2.7Pa). If lower than about 2 mTorr(s) (about 0.27Pa), 
etching may become unstable, if about 20 mTorr(s) (about 2.7Pa) are exceeded, 
etching may not take place, but deposition may take place. Oxygen gas may be 
mixed in inert gas as a controlled atmosphere. However, about 40% or less of 
the volume fraction of oxygen gas is desirable, and is still more desirable. [ about 
10% or less of ] If the volume fraction of oxygen gas exceeds about 40%, the 
oxide film of TiC is formed, as a result, etching will not take place and a'surface 
treatment layer may not be formed. In order to control formation of the oxide film 
of TiC, as for the volume fraction of the oxygen gas in an ambient atmosphere, it 
is still more desirable that it is about 10% or less. 

[0028] As for RF power to switch on, it is desirable that it is within the limits of 
about 0.5 - about 2 W/cm2, and it is still more desirable that it is within the limits 
of about 0.6 - about 1 .8 W/cm2. 

[0029] As for reverse spatter time amount, it is desirable that it is about 2 minutes 
or more, and it is desirable that it is within the limits of about 3 minutes - about 5 
minutes. When reverse spatter time amount is shorter than about 2 minutes, 



there is a thing for which a uniform surface treatment layer is not formed and the 
effectiveness of the improvement in the adhesion force is not fully acquired and 
which are not. Reverse spatter time amount can form a surface treatment layer 
uniform enough in about 5 minutes. However, in an actual production process, in 
order to reduce dispersion in 1 batch in the case of manufacturing dispersion 
within the substrate side in the case of manufacturing a large-sized substrate, 
and many substrates within the same chamber, reverse spatter time amount may 
be lengthened. Even if it takes above-mentioned dispersion into consideration, 
about 10 minutes, then a surface treatment layer uniform enough can be formed 
for reverse spatter time amount. 

[0030] As for the thickness of a surface treatment layer, it is desirable that it is 
within the limits of about 5nm - about 500nm. If the thickness of a surface 
treatment layer is less than about 5nm, sufficient adhesion reinforcement may 
not be obtained, and if it exceeds about 500nm, productivity will fall. It is still 
more desirable that the thickness of a surface treatment layer is within the limits 
of about 30nm - about 300nm from the homogeneity of a surface treatment layer 
and a viewpoint of productive efficiency. 

[0031] Moreover, as for center line average-of-roughness-height Ra of the front 
face of a surface treatment layer, it is desirable that it is less than about 10nm, 
and it is still more desirable that it is about 5nm or less. When center line 
average-of-roughness-height Ra of the front face of a surface treatment layer is 
about 10nm or more, the aluminum-oxide layer deposited on a surface treatment 
layer carries out abnormality growth, uneven irregularity is formed in the front 
face of an aluminum-oxide layer, and the efficiency of a smooth chemically- 
modified [ next ] degree may fall. In order to control abnormality growth of an 
aluminum-oxide layer, as for center line average-of-roughness-height Ra of the 
front face of a surface treatment layer, it is still more desirable that it is about 
5nm or less. Center line average-of-roughness-height Ra of the front face of a 
surface treatment layer should just set up suitably less than about 10nm of the 
surface roughness of the Al Chick substrate 33 to prepare and the conditions of a 



surface treatment process so that it may be set to about 5nm or less still more 
preferably. 

[0032] Next, an aluminum-oxide layer is deposited on the substrate 33 with which 
the surface treatment layer was formed. Deposition of an aluminum-oxide layer 
(aluminum-oxide layer 20 in drawing 1 ) can continue at the above-mentioned 
surface treatment process, and can be performed by the well-known forward 
spatter using a sputtering system 200. By continuing within the same chamber at 
a surface treatment process, and depositing an aluminum-oxide layer, the 
surface contamination by which surface treatment was carried out can be 
prevented. 

[0033] A forward spatter is performed once decompressing after the above- 
mentioned surface treatment process and the inside of a chamber 30 to about 
0.5microTorr (about 6.7x10 to 5 Pa), a forward spatter - for example, a pressure 
- the inside of inert gas ambient atmospheres, such as an argon of about 3 - 
about 20 mTorr(s) (about 0.4Pa - about 2.7Pa) within the limits, - a substrate 33 
side - about - it is in the condition which impressed the DC bias of -10V--200V, 
and can carry out by supplying RF power of about two to 7 W/cm2 within the 
limits to the back up plate 35, using an alumina sintered compact as a target 34. 
The deposition approach of an aluminum oxide layer is not restricted to a forward 
spatter, for example, the ion plating method may be used for it. 
[0034] After performing surface treatment to the Al Chick substrate by the 
reverse spatter on condition that the versatility shown below, the substrate for the 
thin film magnetic heads was produced by depositing an aluminum-oxide layer 
with a thickness of about 5 micrometers in a forward spatter. Generally the 
thickness of the aluminum-oxide layer 20 is within the limits of about 3-15 
micrometers of abbreviation. What is necessary is just to set up the thickness of 
the aluminum-oxide layer 20 suitably according to the application of the substrate 
for the magnetic heads. 
[0035] 

raw material Al Chick substrate: - Sumitomo Special Metals: - trade name AC-7 



center line average-of-roughness-height Ra: of the front face of the Al Chick 
substrate after surface polish about 1 .5nm Reverse spatter conditions: ambient 
atmosphere: - Ar gas 10mTorr (1 .3Pa) 

Substrate side RF power: 0-1.8 W/cm2 Reverse spatter time amount: 0-10 
minutes Forward spatter conditions: Ambient atmosphere: Ar gas 10mTorr 
(1.3Pa) 

Substrate side bias: DC of -100V Target side RF power: The existence of 
exfoliation generating according 5W /to the adhesion reinforcement of 2 and the 
obtained Al Chick substrate of the substrate for the thin film magnetic heads, and 
an aluminum-oxide layer and substrate cutting was evaluated cm. Using the 
scratch circuit tester (the product made from Teledyne Taber: a scratch circuit 
tester, model 502), evaluation of adhesion reinforcement set the measurement 
size to 10, respectively, and evaluated it by the average. Optical microscope 
observation estimated the existence of the exfoliation after cutting a substrate. 
The conditions and evaluation result of a surface treatment process are shown in 
Table 1. 
[0036] 

Table 1 Substrate side RF power Reverse spatter time amount (minute) 
Adhesion reinforcement (grm) Existence of exfoliation after cutting - - 120 x 0.3 3 
180 x 0.3 10 200 x 0.6 3 380 O 0.9 3 450 O0.9 10 420O 1.2 3450 O 1.8 1420 O 
1.8 3 450 O As shown in Table 1 , when adhesion reinforcement is low (200 or 
less grms) and, as for each substrate for 3 minutes and 10 minutes, reverse 
spatter time amount cut [ the substrate which did not perform surface treatment 
by the reverse spatter, and substrate side RF power ] 0.3W /of substrates by 2 
cm, the aluminum-oxide layer exfoliated. To it, in all the samples for 1 minute - 10 
minutes, adhesion reinforcement of reverse spatter time amount improved, and 
the substrate which carried out the reverse spatter of the substrate side RF 
power by 0.6 - 1 .8 W/cm2 did not have generating of exfoliation by cutting, either. 
The adhesion reinforcement (380grm) of the substrate in which 0.6W /of 
substrate side RF power carried out the reverse spatter during 3 minutes by 2 cm 



became a value of 3 times or more of the adhesion reinforcement (120grm) of 
the substrate which is not performing the reverse spatter. It seems that moreover, 
effectiveness does not increase that what is necessary is just to be above to 
some extent even if it lengthens reverse spatter time amount since the adhesion 
reinforcement (420grm) of the substrate in which substrate side RF power carried 
out the reverse spatter during 10 minutes by 0.9 W/cm2 is almost equivalent to 
the adhesion reinforcement (450grm) of the substrate which carried out the 
reverse spatter during 3 minutes with the same RF power. 
[0037] By the above-mentioned example, TEM observation showed that the 
surface treatment layer with a thickness of about 30-300nm was formed. 
Moreover, center line average-of-roughness-height Ra of the front face of a 
surface treatment layer was within the limits of about 1-5nm. 
[0038] As a result of examining various conditions, as mentioned above, the 
reverse sputtering process was understood that it is desirable to carry out on 
condition that the following. 

[0039] As for the ambient atmosphere under reverse sputtering, it is desirable 
that it is the inert gas ambient atmosphere which contains about 10% or less of 
oxygen gas preferably about 40% or less with an inert gas ambient atmosphere 
or a volume fraction. As for the pressure of a controlled atmosphere, it is 
desirable that it is within the limits of about 2 mTorr(s) - about 20 mTorr(s) (about 
0.27Pa - about 2.7Pa). As for RF power to switch on, it is desirable that it is 
within the limits of about 0.5 - about 2 W/cm2, and it is still more desirable that it 
is within the limits of about 0.6 - about 1 .8 W/cm2. As for reverse spatter time 
amount, it is desirable that it is about 2 minutes or more, and it is still more 
desirable that it is within the limits of about 3 minutes - about 5 minutes. As for 
center line average-of-roughness-height Ra of the front face of a surface 
treatment layer, it is desirable that it is less than about 10nm, and it is still more 
desirable that it is about 5nm or less. 

[0040] Thus, according to this invention, the adhesion reinforcement of the Al 
Chick substrate and an aluminum-oxide layer improves remarkably. Moreover, 



since surface treatment by this invention can be carried out by carrying out a 
reverse spatter using the sputtering system used for formation of an aluminum- 
oxide layer from the former, it is very efficient and can manufacture the substrate 
for the thin film magnetic heads excellent in adhesion. 
[0041] The interface condition (the structure of a surface treatment layer and 
presentation) of the Al Chick substrate of a substrate and aluminum-oxide layer 
whose above-mentioned adhesion improved was evaluated using TEM 
(transmission electron microscope), electron diffraction, and EDX (energy 
dispersive X-ray spectroscopy). The cross-section TEM photograph of the 
substrate for the thin film magnetic heads by this invention is shown in drawing 3 
A, drawing 3 B, and drawing 3 C. The crystal structure analysis using electron 
diffraction and the component analysis using EDX were performed to the part 
shown by the arrow head in each TEM photograph. 

[0042] It was checked that the crystal phase (Ti is included) of alpha-aluminum 
203 is formed in the part near the front face of the alumina particle in the Al 
Chick substrate shown by the arrow head in drawing 3 A (part which constitutes 
a part of surface treatment layer 12 in drawing 1 ). Moreover, it turned out that 
aluminum2Ti05 crystal phase is formed in the part shown by the arrow head in 
drawing 3 B. Furthermore, it turned out that aluminum2Ti05 crystal phase is 
formed in the part near the front face of the titanium carbide particle in the Al 
Chick substrate shown in drawing 3 C by the arrow head (part which constitutes 
a part of surface treatment layer 12 in drawing 1 ). Moreover, the crystal structure 
analysis and the component analysis of a surface treatment layer were 
performed by the same approach about various substrates. Consequently, it 
turned out that alpha-aluminum 203 (Ti is included), aluminum2Ti05, and 
aluminum2Ti 7015 exist in the part which constitutes a part of surface treatment 
layer of the alumina particle contained in the Al Chick substrate, moreover -- the 
part which constitutes a part of surface treatment layer among the titanium 
carbide particles contained in the Al Chick substrate - a cubic - it turned out that 
TiC (aluminum is included), aluminum2Ti05, and aluminum2Ti 7015 exist. Thus, 



in the surface treatment layer, it turned out that aluminum titanate exists in both 
an alumina particle and a titanium carbide particle. In addition, each mean 
particle diameter of the alumina particle contained in the Al Chick substrate used 
by the above-mentioned example and a titanium carbide particle was about 1 
micrometer. 

[0043] Moreover, as a result of evaluating about the aluminum-oxide layer 
deposited in the spatter using TEM, electron diffraction, and EDX, the aluminum- 
oxide layer shown in the TEM photograph of drawing 4 is in an amorphous 
condition, and it turned out that 12% of the weight of Ar is included. Furthermore, 
the Vickers hardness (Hv) of this aluminum oxide layer is about 750, and it 
turned out that it has the low value compared with Vickers hardness 1800 of 
alpha-aluminum 203. The coefficients of thermal expansion of there being 
temperature hysteresis and changing from the temperature profile of membrane 
stress to compressive-stress increase and an aluminum oxide layer were 
estimated to be about 7 ppm/K, and it turned out that they are smaller than the 
coefficient of thermal expansion of the Al Chick substrate about 8%. 
[0044] From the result of structural analysis of the surface treatment layer 
mentioned above, and a component analysis, the mechanism of the surface 
treatment in the manufacture approach of the substrate for the magnetic heads of 
this invention can be considered as follows. The mechanism of surface treatment 
is typically shown in drawing 5 (a) - drawing 5 (c). 

[0045] The field where the alumina particle and the titanium carbide particle were 
ground is exposed to the front face of the ground Al Chick substrate ( drawing 5 
(a)). 

[0046] In a reverse spatter process, Ar ion collides with the front face of the Al 
Chick substrate, Ti ion, aluminum ion, and oxygen ion are begun to beat from the 
Al Chick substrate, and the front face of the Al Chick substrate is etched 
( drawing 5 (b)). While this etching advances, it collides with the front face of the 
Al Chick substrate, and Ti ion, aluminum ion, and the oxygen ion which were 
begun to beat from the Al Chick substrate trespass upon the interior of a 



substrate, and are spread. 

[0047] Consequently, the surface treatment layer containing aluminum titanates, 
such as aluminum2Ti05 and aluminum2Ti 7015, is formed with Ti ion, aluminum 
ion, and the oxygen ion which were invaded and diffused from the front face of 
the Al Chick substrate ( drawing 5 (c)). 

[0048] Center line average-of-roughness-height Ra of the front face of the 
surface treatment layer by this invention had desirable less than about 10nm, 
and center line average-of-roughness-height Ra of the front face of the surface 
treatment layer in the example mentioned above was about 5nm or less. This 
shows that the improvement in the adhesion force by the surface treatment layer 
is not the effectiveness (the so-called achoring effectiveness) that the front face 
was roughened. The structure of the aluminum-oxide layer deposited the crystal 
structure of a surface treatment layer and a presentation, and/or on it and a 
presentation are imagined to be what has contributed to improvement in the 
adhesion force. 

[0049] Next, the operation gestalt of the thin film magnetic head by this invention 
is explained. 

[0050] Drawing 6 is the principal part perspective view of the thin film magnetic 
head 300. The thin film magnetic head 80 of this operation gestalt is equipped 
with the Al Chick substrate 81 and the FeAISi alloy film 85 deposited on the 
thickness 3 [ about ] deposited on the Al Chick substrate 81 - about 15- 
micrometer the aluminum-oxide layer 82 and the aluminum-oxide layer 82. The 
contents of Fe, aluminum, and Si in the FeAISi alloy film 85 are 85.0 % of the 
weight, 5.5 % of the weight, and 9.5 % of the weight, respectively, and the FeAISi 
alloy film 85 functions as Sendust film. The thickness of the FeAISi alloy film 85 
in this operation gestalt is 2 micrometers. In addition, the hard axis of the FeAISi 
alloy film 85 has turned to the direction shown by the arrow head c of drawing 6 . 
[0051] The gap 86 of about 0.4 micrometers is formed on the FeAISi alloy film 85, 
and the MR component 87 for playback is arranged in the gap 86. The MR 
component 87 is equipped with the well-known configuration which has non- 



illustrated an electrode and MR film. The gap 86 is formed from insulator layers, 
such as an alumina deposited on the FeAISi alloy film 85 as covered the MR 
component 87. The thickness of the MR component 87 is about 0.1 micrometers. 
[0052] The bottom pole (thickness: 2-3 micrometers) 88 has accumulated on the 
insulator layer which functions as a gap 86. The bottom pole 88 is formed from 
soft magnetic materials, such as a permalloy, and the function as magnetic- 
shielding film is also demonstrated. On the bottom pole 88, the top pole 
(thickness: 2-3 micrometers) 90 is formed through the write-in gap 89 of 0.4-0.6 
micrometers. Between the bottom pole 88 and the top pole 90, the coil pattern 91 
formed by carrying out patterning of the Cu film with a thickness of about 5 
micrometers is formed. As for the coil pattern 91 , the perimeter is covered by the 
organic compound insulator. The recording head section is constituted by the 
bottom pole 88, the coil pattern 91, and the top pole 90 grade. It writes in by 
energizing to the coil pattern 91, a field is formed in about 89 gap, and the writing 
(record) of the data to a non-illustrated record medium is performed. The 
recording head section is covered with the overcoat (thickness:, for example, 40 
micrometers). 

[0053] These laminated structures are manufactured by a usual thin film 
deposition technique and a usual lithography technique. Although the FeAISi 
alloy film 85 is deposited by the sputtering method with this operation gestalt, 
other thin film depositing methods may be used. 

[0054] Since this thin film magnetic head 300 has the same configuration as the 
above-mentioned substrate 100 for the thin film magnetic heads under the MR 
component 87, problems, like exfoliation arises in the interface of an alumina 
titanium-carbide substrate and an aluminum-oxide layer at the time of a 
manufacture process, a mounting process, or use do not produce it. 
[0055] Moreover, the magnetic cell (playback component) formed on the 
magnetic-shielding film is not limited to MR component. You may be the 
component of other types. 
[0056] 



[Effect of the Invention] Since the surface treatment layer containing aluminum 
titanate is formed in the front face of the Al Chick substrate according to this 
invention, the adhesion reinforcement of an alumina titanium-carbide substrate 
and an aluminum-oxide layer can offer a reliable, thin film magnetic-head 
substrate high enough. 

[0057] Moreover, since the front face of an alumina titanium carbide substrate 
can be reformed in the layer containing aluminum titanate by the reverse 
sputtering method in the ambient atmosphere which contains inert gas at least 
according to this invention, the adhesion reinforcement of an alumina titanium- 
carbide substrate and an aluminum-oxide layer can manufacture efficiently a 
reliable, thin film magnetic-head substrate high enough. 

[0058] The thin film magnetic-head substrate by this invention is used suitable for 
the thin film magnetic head for [, such as hard disk drive (HDD) equipments, 
floppy disk drive (FDD) equipments, etc., such as a computer, ] various magnetic 
recording media. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view of the substrate for the thin film 
magnetic heads concerning the operation gestalt of this invention. 
[Drawing 2] It is drawing showing the equipment used for manufacture of the 
substrate for the thin film magnetic heads concerning the operation gestalt of this 
invention. 

[Drawing 3 A] It is the TEM photograph which replaces the drawing in which the 
cross-section gestalt of the substrate for the thin film magnetic heads concerning 
the operation gestalt of this invention is shown, and the interface of the alumina 
particle in the Al Chick substrate and an aluminum-oxide layer is shown. 
[Drawing 3 B] It is the TEM photograph which replaces the drawing in which the 
cross-section gestalt of the substrate for the thin film magnetic heads concerning 
the operation gestalt of this invention is shown, and the interface of the alumina 
particle in the Al Chick substrate and an aluminum-oxide layer is shown. 
[Drawing 3 C] It is the TEM photograph which replaces the drawing in which the 
cross-section gestalt of the substrate for the thin film magnetic heads concerning 
the operation gestalt of this invention is shown, and the interface of the titanium 
carbide particle in the Al Chick substrate and an aluminum-oxide layer is shown. 
[Drawing 4] It is the TEM photograph which replaces the drawing in which the 
cross-section gestalt of the substrate for the thin film magnetic heads concerning 
the operation gestalt of this invention is shown, and the condition of an 
aluminum-oxide layer is mainly shown. 

[Drawing 5] In the manufacture approach of the substrate for the thin film 
magnetic heads concerning the operation gestalt of this invention, it is drawing 
showing typically the mechanism in which a surface treatment layer is formed. 
[Drawing 6] It is the principal part perspective view of the thin film magnetic head 
concerning the operation gestalt of this invention. 
[Description of Notations] 
10 Al Chick Substrate 
12 Surface Treatment Layer 



20 Aluminum-Oxide Layer 
30 Chamber 

32 Substrate Holder (Electrode) 

34 Target 

35 Back Up Plate 35 (Electrode) 

36 Shutter 

37 Adhesion-proof Board 
42 Delivery Pipe 

44 Exhaust Pipe 
52 54 Power source 
56 58 Matching box 

81 Al Chick Substrate 

82 Aluminum-Oxide Layer 

85 FeAISi Alloy Film 

86 Gap 

87 MR Component 

88 Bottom Pole 

89 Write-in Gap 

90 Top Pole 

91 Coil Pattern 

92 Overcoat 

100 Substrate for Thin Film Magnetic Heads 

200 Sputtering System (Manufacturing Installation of Substrate for Thin Film 

Magnetic Heads) 

300 Thin Film Magnetic Head 
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0 . 9W/cm ! tl 0 ft^X n -y ? L1&BR<Wtm 
M(420grm)IJ. miRFmj)X'3 J frWi®.Xrt 
•v 9 ItzSMcommftg. ( 4 5 0 g r m ) t ( um^x 

[0037] ±EOJM*WTM\ TEMfHW>iSJR. #7 
3 0-3 0 0 nm^WS^BKOTjWBJSSflTO* 

SS R a ti&l - 5 n mcOKI^ Tft o . 
[00 38]«««oaH**ao*U:*SSi, ±aLfcJ:d 



12 0 x 

180 x 

20 0 x 

380 O 

4 5 0 O 

420 O 

450 O 

42 0 O 

450 O 
lz , < >y ? y > ^iettOTo*ftTfi dztm 

[0039] iSXH-y * 'J y^<o*BBWi. ^TCStttf 
X#H^£ fctifM*#*-tt»4 0 %WT»* L < (2» 1 

20mTorr (ifrO. 27Pa— #}2. 7Pa)«ig 

0. 5~»2W/cm*ORHrtt*4Ci:*«#4U 
<.»0. 6-ftl. 8W/cm«<0«HrtC*4it 

swsfcffiu^. ax^^naisHis »2#ja±T&* 
ztmtLK. & 3 #-ft 5 ttnimmz hiztv 
mzm lw mmm<Dmm<o*>m¥&}®z r a 

U» 1 0 n m*i»T*S d t4»ff*L<,»5n mOT 

[0040] COJ: o (2, *fW!KJ: 6 fc . T/^-y ? 
aHRkitftT^ S Alt O&t&Xtf* L < |6j±t 

h. tfz. *%mzj;mm®.mi. w^t^mtnv 
^-v&mnm&izm^htix^hx^-vfmw.zm^ 

X®.AJ*»;??&Ztl,Z£iXmMX'ZZ>cr>X\ mibX 
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[0041] jja^a»tt*«ifli±Lfea«<orrt^- -y 9 

mm. EDX <x*7Wf-4HKX«#3fc8c) fcfflwt 
EM^jt£ll3A, H3B&tfH3CtCiS-f. -eft-ftl 

JHl2<0-»&fll(RLTV^SMJ-) (C % «-AliO 3 <0 

isms (t i **tr) agwRSiva^fcawsii 

fc. 03B+CO^EpT^L^g?^{C. AljTi 

fM m?cr>mmmft < hi 1 2 
n-nm&ix^&m) tc, a 1 2 t i Ogjg&nftf 

T)V 5 -f S^cO^fflttMJi^-^^ffifig I X V * 

tt, a-Al 2 0 3 (Ti^tf) fcs AljTiOjt, 

AltTi 7 O l8 k*efiPiW*ii:*«»A»->fc. *fc, T 

iC (AlSr^tT) t, Al 2 Ti0 6 t. Al 2 Ti 7 0 

Kfr-itz. tea. ±Me>mmx'm\,vz7iui'<y-?mB. 

WMm&vftl l>® 1 u mX'h^tz. 
I 0 0 4 3 ] 4fc, X^ v ^ffiTfcltSifcfclMtnPS 

->?i>Jfte» 7^7 7X#ygT'$>9. 12fiM%<75A 

Al<Otf>y#-AffiK (Hv) ii**f7 5 0T> a-Al 
2 0 3 «t'7^-Xfgl 8 0 OfcJt^ffivMIfcWLT^ 
* i i: . IWB^tfDiBfltrn 7 r -f /k&> s jB 

[ 0 0 4 4 ] ±» Lfc*iBi!S[fWW«3i»WtJ «tt/«A 
fcj&fCS*. 05 (a) -115 (c) kaumtinx/i 



[0045] BWSflfcr/H"* r 

SStiSSftT^I. (05 (a) ) . 
[0046] mZJlvfimz&WC. KvMtVlfiT 

(b> ) . zwx.v+yftfimrt Sfcfcifc, 7;H- 

[0047] *0*S£, T^f--y ?fflK<D«>><MSA 

i-oT. Al 2 Ti0 5 ^Al 2 Ti 7 0 15 &fc'cW'>'l! 
7/l^-^A££tfSS&ftl#«Sft& (05 
(c) ) . 

[0048] *3MJ|tc i |>|SffiK«l(7)«ffi^+'i:^¥ 
%l$Raa$<)10nra*i^^L<, i^LfcM 

[0049] j sfwaat^ Kwnsfe 

[ o o 5 o ] H6i±, ismam^y Y3 o o<o±aa» 

SHTft*. *HSfi^ffl^»M8^-yK8 0«. T/U 
f-'y^««81t, 7^f--y^a«81±^Jt«^tL!t 
JiSI53~«l 5wm^bT^S-7A«82i:. it 
ftr/US-»>A*82±t««S<XfeFe A I Si-^i 
«8 5i:*iliT^4. FeAl Si^A*8 5+^F 
e, Al , HXr/S i 0>##JKi. ^^-m, 8 5.0 
5. 5**%, feil/9. 5fiM%t'^) , ). F 

eAi s i&4m85ti.±>yxhmkLxmmti>. 
^mmmx-nF e a i s i -g^jis scoip^^, 2^ 

m-CJfeS. ^fc, F e A l S i ^JR8 50BMMtt 
J4, 06O*Epc"C*S/l&^|6l*|filV^TIr^. 
[005 1 ] FeAl Si^B88 5±t«. 0. 4a 
mgJgO^f + 778 6 * { IS(tf>il-CTfc 0 . ••/ 
7 , 86rt(CS4ffl<0MR*f87*qEaSn-CV^. M 
R3R?8 7tt^H*<0«S^MR«Sr*t*4MaiOflllR 
ZffiiX^b. *rw 7*8 6(4, MR*^8 7S:Sa J: 
dfcLTFeAl Si^ftH8 5±(CJM|Sftfcr^S 

[0052]^ ?78 6 fc LT«IW4lftSW±fc* 
(J5S : 2-3um) 8 8^'tiS^ilTV^ 
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ftfcJHW*. *FA;tf-;P8 8±lc(;L 0. 4~0. 

(WS : 2~3//m) 9 0tf£A3ft.TVi&. tfFAsi? 
-;U8 8t F 7 9 0 fcflffllfctt. Jf§5/img 

4W?->9 ltfi&ffofVCV^. O-iiV/^-^9 

-^8 8, a-f/i^*-:^ lfcJtfF 77-^-^90 
->9 l(cjWW*C tic J: ->T»$&;Wf* 7 7*8 9 

-a-h :mtlf4 0um) tZXiXmbtlX^ 

h. 

C0053] z.tih<mmw&\t. m®<mmmm 

(4 F e A 1 Si 5c7>tt«£XA'.y ? >J y^j&C 

[00 54] i<OfWR»JH^'y>*3 0 0tt, MR*^8 
7 OT£ fcmaoff ISSN's 7 KfifflK 1 0 0 1 H*a 

fc{iffiffil${CfcVvt s 7/1/5 y;&-><4 HMRfc 

iMkr iv s ai t oira-ewft^ t ssjoibih^ 

[00 5 5] 4fc,'«aii/-/WHJH±fc»jR«*i*B» 
SR? tt, MRjSHHCli££iV$rV\ ffi<0* 

[00 56] 

ymrfrs-v&ziiit&m&nmtfm&ztix 

m^-v FM£S:ig«^£>£ t WT* 1 . 
[ 0 0 5 7 ] 4fc s *JWJfc 1 . ^ft< t fc^SStt 

r;us^^y*-A*^ FS^HESrf-^yg^/i/S 

A fc-grt>JIfc:S0W4 Z k ifiX'% h <DX\ TlV 5 J F 

[0058] *amtzjt mm®&^>y F*ts«i, n > 

fi-m'WA-Hfu;H7^y (HDD) §§{8 
*?Y?4 7* (FDD) gS&t'COS 

[01 3 *JCT^IBttlOTt^6»]«««^«5' Fffl* 
[02 ] *%B^^te»®H*^l)S)Smm^-y FfflS 



[H3A] xmnmtmmizfrfrmmm^v m 
mcomMBZ^-t mmizKb ite m^mx% 0 . 

T)V* 7 9 Wm><r)T)V $ -tflfi 1 t W.itT)V 5 -7 Al 
t^ffiSr^-f . 

[03 b ] xmi^mmtzfrfrmmm^v m 
mRmmwm&fFtmmiz&b s t e m^k-c* 0 . 

r;H- 7 7 *&4><07 ;U $ 1 lHt7/l/ 5 - AS 

[03 C ] 2|s^<0||i6^®t*»*>S«B91^^-y Fffl 

Tfr+v9mtt>n*9>*r-'U h&f-bmKTfrS 
^*7AJlt<0#ffl£5rt. 

[04 ] xmemmmizfrfrmmm^-y mm 
mmmmm^tmm^biTEM^Mxh^). m 

[05 ] *%BjoiiiiB®{c*^i,?i)insm^7 mm 

*0«Jfcfrttt*J V >T . &Sii&ffJ|tf»j&3 *l£ ^ * - 
[06 ] *^ w ^jg)g{ = ^| )? f^a^A,. v k<0± 

[ff^iSJBB] 
io r;wf-y^aHR 
12 m&m 
20 iwkr^a-^A* 

3 0 ftW< 

3 2 »R*;^(«ff) 

3 4 ^-y-yF 

35 A'.ydf^riz-F (««i) 35 
3 6 x-v -y ^ 

3 7 

4 2 ffi^^7 

4 4 m%>M7 

5 2, 5 4 ^i® 

5 6, 5 8 V>yf->-^'y^X 

8 1 r/^-y^atK 

8 2 IMtT^S-^AJI 

8 5 F e A 1 S i 

8 6 ^77 

8 7 MRff 

8 8 ^FA^-^ 

8 9 7" 

9 0 F 7 Tip—A' 

9 1 a-f;^^-y 
9 2 jT-A-n-h 
100 Simm^y Fffl«S 

200 x^7 ^ss (fmam^y Hiisiscoim 
a) 

300 fSKK^^7 F 
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[03C] 

[04] 




08 « g g X tOQOQQ 
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[05] [06] 




[UtiJH] TJfcl 2^3fl2B (200 0. 3. 2) 
[¥8ftj§iEl3 

[«]e»««r«] mm 

3**iTV*ST/P5 ^S^cod *>fijfESlffi»WJl<7)-g|S£ 
m&lXVZ&Mi. a-AI 2 0 3 L Al 2 TiO 

6 fc, Ai 2 Ti v o 15 t^o, m^mnztmcomm 

[fS#JS3] WRTA'§i'+f>&-rt4bWR£.& 

£tix^&i~?>*-;u b^coo-hmMmmmnm 

<0-»*Hll*l/CV>*aMMi, i^&T i Cfc . A l , 
TiOsk, Al 2 Ti 7 O l5 i:££tf, mUtmittM 

2izimmmi%^-y mm. 

Rati 1 0 n m*«rcfc S . ffi&fl 1 £> 3 *>fWl. jWc 



0 0 nmiaTO^HrttJ>Slt«^l*^4^Mn* > fc: 

iBr^s^f-^y^-^M bWfc.mmz+fyw.Tiv 
o nmaT<om&ft£b&m?m7£tite8iz%5mcm 
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li, 1 0 n m*ffi?& I ff?#« 8 * fcli 9 CKttOffM 

i m%m 1 1 3 mzm&MT.nmhtiz>nmm 

tt, 7My#XtSi^Xtm2mTorr-2 
OmTo r r«>&HSrc*r>T:, 1.0iHRXfX<0»**« 
4 OXVXfX'hhmmifrk 1 0Of?il*HviEK«0» 

[mi® 1 2 ] KfiE^ffi25j«lS<0«ftC. 

ffiS R atfl 0 n m&Ti: =Sr 6 «k a fc»»t *I8 *3E 

mjEmmm&i mm 
iW}Ettmm%) 0050 

[ 0 0 5 0 ] 06 «L WimS^v F 8 Oe)±S35ftffi 

7?HS8U, 7/Uf-/7iHK8l±fc:itiBSfifcJi[ 
$»3-H»15/im<0iMkr;PS-'>AJi82i:, Ml 
7A-$-?iJl8 2±Ktf«£flX*Fe A 1 Si£&Ji 
8 5fcSr<t^.TV>S. Fe A 1 S i£&]R8 5+<0F 
e , A 1. fcil^S i (D^mi. ftim, 8 5.0 
M%. 5. 5M%. fcJl/9. 5M%T'£>9. F 
eAl Si-&£K8 5ttH:y^*hRfcl/tlM&*4. 
#HSfe^?§T?)F e A 1 S i ^JR8 5«DJf 2/x 
mT**. F e A 1 S i £&|gt8 5<D«-ftSSM 

fcL ll6^EPcT'^$;h.l>:/j[fo£r6jlvCV^„ 
[#«*i]E3] 

[«je«««b*] mm 

[flffi*f«^B*] 0 0 54 

[00 54] <r<DJiW^>yF8 0(;L MR*?8 7 

oT^tci«raionM»a^^>y mm®. 1 o o tRsiwfli 



[#me4 ] 

10 7^f-y?«« 

12 $D3cllJB 

2 0 Rfcr/PS^AE 

3 0 ft>A 

3 2 3S«*/^(«tt) 
3 4 

3 5 A' 7 ^vm-b (flffi) 3 5 
3 6 * 9 

3 7 

4 2 fttft^7 
4 4 

52, 5 4 «S 

56, 58 77fy/^7?X 

so. fosmst^iY. 

8 1 Tfo+ttWR 

8 2 IHtT/PS-^AJl 

8 5 F e A 1 S i 

8 6 df-s-yT 

8 7 MR*? 

8 8 ^hA^-/l/ 

8 9 f*a*^f»7 

9 0 h-yT--K-;U 

9 1 n^/V^-y 
9 2 

100 »K«ft'VyFfflfflS 

200 x^v mm mmsm^v mmrn^mm 

8) 
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